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ABSTRACT 


This  report  presents  the  results  of  s  wind  tunnel  test  per¬ 
formed  in  the  Boeing-Vertol  wind  tunnel  on  a  1/3  scale 
V/STOL  4-bladed  cyclic  pitch  propeller ,  having  a  total 
Activity  Factor  of  640.  The  propeller  was  tested  as  both 
an  isolated  propeller  and  as  an  installed  propeller.  The 
primary  objectives  of  the  test  were  to  determine!  (1)  the 
effectiveness  of  cyclic  pitch  control  for  longitudinal 
control  during  hover  and  transition,  (2)  the  change  in  power 
required  for  cyclic  pitch  control  and  (3)  blade  and  hub  loads 
for  use  in  design  and  for  verification  of  analytical  methods. 
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1.0  INTRODUCTION 

The  Boeing  Company,  Vartol  Div. , under  Cont.F33615-70-C-1000» 
designed,  fabricated  and  tested  a  1/3  scale  model  of  a  cyclic 
pitch  propeller  of  the  type  which  would  be  used  on  a  proposed 
tilt  wing  transport  aircraft.  The  tests  were  conducted  in  the 
Boeing- Vertol  20  X  20  foot  V/STOL  Wind  Tunnel  (See  Figure  2.1) 
with  flow  conditions  representative  of  full-scale  flight  in 
hover,  transition  and  cruise. 

The  general  objectives  of  the  test  program  were  to: 

°  assess  the  effectiveness  of  cyclic  pitch  for  longi¬ 
tudinal  control  during  hover  and  transition 

*  measure  change  in  power  required  for  cyclic  pitch 
control 

°  obtain  loads  test  data  for  use  in  design  and  as  a 
basis  for  verification  of  analytical  methods. 

Specifically,  it  is  intended  to: 

9  measure  the  forces  and  mosiants  in  the  fixed  system  and 
the  control  and  blade  loads  for  hover,  transit  * 
and  cruise. 

9  determine  the  influences  of  scaling  on  rotor  perfor¬ 
mance  comparing  the  test  results  of  the  1/3  scale 
model  to  the  1/12  scale  performance  propeller  model. 

9  determine  the  effect  of  wing-propeller  interference. 

The  blade  data  has  been  processed  such  that  the  magnitude 
and  phase  of  harmonics  has  been  determined  with  and  without 
the  presence  of  the  wing.  Primary  quantities  obtained  are 
the  sensitivities  of  pitching  moment,  blade  bending  moments 
and  power  due  to  cyclic  pitch. 
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2 . 0  MODEL  DESCRIPTION 


•  »' 

The  model  assembly  shown  in  Figures  2.1a  &  2.1b  consisted  of 
four  major  components.  These  are  the  bladps,  the  hub  and 
control,  the  spinner  and  wing,  and  the  balance  and  DRTSt  *, 
These  components  are  shown  in  exploded  view  in  Figure  ;2>.  2, 
The  wing  (not  shown)  was  attached  to  the  DKTS  such  that  the 
wing  and  fairing  loads  are  carried  directly  to  the  ground. 
Thus,  the  balance  senses  the  blade  and  spinner  loads  only. 
*Dynamic  Rotor  Test  Stand 
2.1  BLADES  , 

I  1  ‘ 


The  four-blade<l  propeller  used  in  this  test  is  Froude  scaled 
(See  Table  2.1)from  a  design  suitable  for  full-scale  tilt  wing 
application.  The  full-scale  propeller  represents  a  compro¬ 
mise  to  achieve  ^required  figure  of  merit  and  good  cruise,  effi¬ 
ciency  and  is  a  design  that  evolved  through  many  iterations.  1 
The  full-scale  propeller  Was  designed  for  a  hover  tip  speed 
of  900  ft/sec  at  650  RPM  and  for  .cruise  at  630  ft/sec  at 
455  RPM.  The  propeller  has  activity  factor  per  blade  of 
164,  a  solidity  of  .272  and  fail-scale  diameter  of  26.4  ft. 

I  •  ! 

The  1/3  scale  blade  design  characteristic*  are  given  in  App.A. 
Full-scale  blade  mass,  stiffness,  and  geometrical  properties 
are  presented.  'Because  of  differences  ;Ln  construction 
between  the  full-scale  and  the  1/3  scale  blades,  the  1/3 
scale  blade  has  some  slight  differences  from  the  full-scale. 
These  differences  are  also  shown  in  Appendix  A.  The  airfoils 
are  modified  NACA  64  series  with  np  cusp  in  the  trailing  edge. 

f  i  .  i  , 


The  test  blades  have,  a  fiberglass  spar,  compressed  balsa  core, 
woven  glass  skins'  and  titanium  root  ends.  The  blpdes  were 
assembled  ir  a  master  mold  and  cured  in  an  autoclave  to  form 
a  unit.  Root  retention  was  achieved  by  filament  winding. 

The  cuff  was  attached  in  a  secondary  operation.  This  method 
of  construction  gave  good  repeatability  in  dynamic  properties 
and  aerodynamic  shape,  particularly  in  twist. 

i  i 

2.2  WING  i 


The  wing  has  a  span  of  120  inches  and  a  chord  of  45  inches. 
The  airfoil  was  a  modified  NACA  63^418.  A  leading  edge  slat 
and  a  single  slotted  flap  extended  from  the  wing  tips,  to  the 
wing  junction  with  the  DRTS.  The  wing  leading,  edge  was 
located  37%  of  chord  aft  of  the  center  of  rotation,  and 

1  I 
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i  Figure  2.1a 

INSTALLED  PROPELLER  IN  WIND  TUNNEL  LOOKING  AFT 


Figure  2.1b 

INSTALLED  PROPELLER  IN  WIND  TUNNEL  LOOKING  FORWARD 
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TABLE  2.1 
SCALE  FACTORS 


PARAMETER 

SCALE  FACTOR 
( MODEL/FULL-SCALE ) 

LENGTH 

L 

1/3 

FROUDE  NO. 

fn 

1.0 

DENSITY 

e 

1.0 

TIME 

T  -  L1/2 

/T7H 

VELOCITY 

V  -  L1'2 

FREQUENCY 

f  -  L-V2 

r? 

MASS 

W  -  L3 

1/27 

MASS/UNIT  LENGTH 

w  *  L* 

1/9 

INERTIA 

I  -  L5 

1/243 

INERTIA/UNIT  LENGTH 

a 

•H 

1/81 

FORCE 

F  -  L3 

1/27 

MOMENT 

M  -  L4 

1/81 

PRESSURE 

q  -  L 

1/3 

STIFFNESS (El  ft  GJ) 

K  -  L5 

1/243 

POWER 

7/2 

P  -  L  ' 

0.0214 
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approximately  15%  of  chord  above  the  thrust  axis.  The  wing 
mean  chord  line  was  Inclined  2°  nose  up  to  the  thrust  axis. 

End  plates  with  a  width  of  approximately  1  chord  were  mounted 
at  each  wing  tip.  Flow  fences  were  mounted  on  the  wing, 

17.5"  from  the  thrust  centerline. 

The  flaps  were  tested  in  two  positions,  extended  to  45°  and 
in  the  fully  retracted  position.  The  leading  edge  slats 
were  tested  in  an  extended  position  and  in  the  fully  retracted 
position.  These  settings  have  been  tested  previously  on  a 
semispan  wing  model  at  the  University  of  Maryland  Wind  Tunnel 
in  Boeing-Vertol  Test  040. 

3.0  TEST  INSTALLATION 

The  test  was  conducted  in  the  Boeing-Vertol  V/STOL  Wind  Tunnel. 
See  Figure  3.  If  or  a  schematic  drawing  of  the  tunnel. 

Three  test  section  configurations  are  available, two  of  which 
were  used  for  this  test.  These  are  open  throat  and  slotted 
throat.  For  hover  testing  the  open  throat  was  used  with  the 
model  thrust  axis  normal  to  the  tunnel  free  stream  wind  axis. 
The  test  section  is  located  inside  a  Plenum  which  has  a  cir¬ 
cular  cross  section  with  a  diameter  of  65  feet.  In  the  hover 
mode  the  Plenum  floor  is  30  feet  below  the  propeller  disk 
plane  and  the  roof  is  30  feet  above  the  propeller  disk  plane. 

In  this  configuration  the  model  is  thought  to  be  essentially 
in  free  air  out  of  ground  effect.  For  cruise  and  transition 
testing  the  model  was  located  in  the  20  X  20  foot  test  section 
with  walls,  floor  and  ceiling  in  the  slotted  configuration  at 
10%  porosity.  The  spinner  and  hub  tares  were  obtained  with 
the  test  section  walls  and  ceiling  removed. 

4.0  MODEL  INSTRUMENTATION,  DATA  ACQUISITION  SYSTEM  AND 
DATA  REDUCTION 

The  model  was  instrumented  to  measure  blade  flap  and  chord 
bending  moments  at  .22  radius  and  at  .45  radius.  Blade 
torsion  was  measured  at  .22  radius.  The  pitch  links  were 
instrumented  to  give  axial  control  loads  in  the  links. 

Shaft  torque  was  measured  by  strain  gages  on  the  drive  shaft. 
The  5-component  balance  measured  three  orthagonal  forces  and 
two  moments.  The  balance  measurements  are  referenced  to  the 
propeller  disk  plane.  The  1/rev  signal  was  provided. 
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These  data  were  converted  from  analog  to  digital  signals 
stored  on  tape  for  further  processing  and  processed  "on-line". 
A  more  detailed  description  is  contained  in  Appendix  B. 

5.0  SIGN  CONVENTION  AND  NOMENCLATURE 

The  positive  sign  convention  and  the  force  and  moment 
nomenclature  are  provided  in  Figure  5.1 

5.1  Positive  Sign  Convention 


a) 

Collective  Pitch 

-  Blade  L/E  rotated  nose-up 

b) 

Longitudinal 
Cyclic  Pitch 

-  Positive  cyclic  produces  a 
positive  pitching  moment 

c) 

Pitch  Link 

-  Compression 

d) 

Shaft  Angle  of 
Attack 

-  Nose-up  from  cruise  configuration 

e) 

Blade  Flapwise 
Bending 

-  Compression  in  upper  surface 

f) 

Blade  Chordwise 
Bending 

-  Compression  in  L/E 

g) 

Blade  Torsional 
Moment 

-  Blade  L/E  rotated  nose-up 

h) 

Delta  Shaft 

Angle 

-  Nose-up  from  the  horizontal 
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5 . 2  Nomenclature 

a)  Control  Deflection 

f  -  Flap  deflection-positive  trailing  edge  down 

L  -  Leading  edge  slat  deflection-positive 
leading  edge  down 

ft 

t'75  -  Collective  pitch  -  positive  leading  edge  up 

-  Longitudinal  cyclic  -  Positive  cyclic 
produces  a  positive  hub  pitching  moment 

b)  Configuration  Symbols 

W  -  Wing 

L  -  Wing  with  leading  edge  slat 

F  -  Wing  with  trailing  edge  flap 

P  -  Propeller 

H  -  Hub 

S  -  Propeller  Spinner 

6 . 0  TEST  PROCEDURE 

The  test  procedure  is  given  in  detail  in  Appendix  C.  The 
remote  operation  of  the  collective  pitch,  cyclic  pitch, 
shaft  angle,  propeller  RPN,  and  tunnel  speed  afford  the 
opportunity  to  conduct  the  test  runs  in  the  manner  best 
suited  to  obtain  the  desired  data  for  a  given  run.  Any  of 
the  above  parameters  could  be  varied  in  any  run  with  the 
remaining  variables  held  constant.  The  test  conditions  were 
only  limited  by  the  "allowable"  blade  loads  and  by  the  power 
available  to  drive  the  propeller. 
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The  run  log  it  presented  in  Appendix  D. 

7.1  HOVER 

Runs  1-12  were  familiarisation  and  checkout  runs.  Isolated 
propeller  hover  data  was  taken  in  runs  13-18,  26,  77-86. 

Runs  13-18  and  runs  80  and  81  have  variations  in  C?,^'  and 
RPM.  Runs  12,  17,  77  and  78  provide  performance  data.  Run 
26  is  a  shaft  angle  sweep  with  walls,  roof,  and  floor 
installed.  Runs  85  and  86  are  shaft  angle  sweeps  with  open 
test  section. 

The  installed  propeller  was  tested  in  hover  in  runs  19-25. 

Runs  19  and  20  provide  clean  wing  performance  and  cyclic 
data.  Run  21  has  the  slats  and  flaps  extended  for  performance. 
Runs  22,  23  and  24  provide  data  on  cyclic  pitch  for  various 
Cj.  Run  25  provides  data  at  two  RPM's  with  d2  -  2°  with  the 
walls,  floor  and  roof  installed. 

7.2  TRANSITION 

Transition  data  was  taken  in  runs  27-44,  70-76,  and  87  at 
hover  RPM.  The  isolated  propeller  was  tested  in  runs  27-33 
for  shaft  angle  sweeps  with  no  cyclic  pitch  for  a  range  of  J. 
Runs  34-39  include  the  effects  of  cyclic  pitch.  The  installed 
propeller  data  was  taken  in  runs  40-44.  Run  87  is  for  a 
typical  transition. 

7.3  CRUISE 

Cruise  data  was  taken  in  runs  45-69  at  cruise  RPM  for  a  range 
of  J  from  0  to  2.6.  The  isolated  propeller  data  is  given  in 
runs  58-69.  In  run  58-65  075  was  held  constant  for  a  given 
run.  In  run  66  the  shaft  angle  was  +5*  and 675  was  varied  to 
representative  collective  angles.  Run  67  gives  data  at 
Cp  -  .20  with  the  shaft  angle  at  +5*. 

The  installed  propeller  with  deem  wing  data  is  given  in 
runs  45-57.  Runs  45-53  give  the  cruise  performance  data; 

Runs  54-56  give  data  for  shaft  angles  of  5,  10  and  15°  for 
blade  loads. 
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7.4  HUB  AND  SPINNER  TARES 

i  i  i 

Hub  and  spinner  tare  data  was  taken  in  runs  89-92  for>  two 
values  of  dynamic  pressure  and  for  two  values  of  RPM. 
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8.0  RESULTS  AND  DISCUSSION 

'  '  t  I 

8.1  INTRODUCTION 

The  results  of  the  tests  are  presented  in  this  section. 

The  data  are  presented  in  graphical  form.  The  range  of  the 
test  variables  covers  the  whole  operating  spectrum  for  the 
tilt  wing  aircraft  and  was  extended  beyond  to  the  design 
allowables  of  the  propeller  blades. 

I 

The  data  exhibited  excellent  repeatability.  When  early  runs 
„  >  conducted ,  for  familiarization  and  model  checkout  were 

repeated,  the  data  showed  no  serious  scatter.  Because  of 
the  wide  range  of  weight  tares  due  to  changing  shaft  angle , 
the  hub  force  and  moment  data  are  within  -3%  of  the  applied 
loads .,  , 

/ 

An  implicit  objective  of  the  test  program  was  the  development 
.  of  a  reliable  hub  and  controls  for  the  testing  of  cyclic 
propellers.  The  hardware  performed  well  throughout  the  test 
period.  The  only  shutdown  experienced  in  the  program  was  for 
the  purpose  of  repairing  blade  strain  gages.  The  ability  to 
remotely  vary  cyclic  and/or  collective  pitch  while  the  pro- 
,  )  peller  was  running  permitted  an  efficient  gathering  of  large 

quantities  of  data. 

I  ' 

I 

It  should  be  noted  that  the  aerodynamic  design  of  the  pro¬ 
peller  is  non-optimal.  The  aerodynamic  parameters  for  the 
blade  were  originally  selected  for  a  three-bladed  propeller. 
The  design  was  being  changed  to  a  four-bladed  propeller  at 
the  initiation  of  the  work  but  the  aerodynamic  parameters 
had  not  yet  been  worked.  The  result  was  to  use  four-blades 
having  the  three-bladed  aerodynamic  properties  for  the 
propeller.  The  aerodynamic  effect  on  cyclic  loads  could  be 
adjusted  primarily  on  the  basis  of  solidity  so  the  test 
propeller  is  suitable  for  loads.  However,  the  aerodynamic 
performance  of  the  propeller  might  be  expected  to  depart  from 
the  "best  design' practices^. 

"  1  i 

I  i 

This  section  is  divided  into  three  parts:  propeller  perfor¬ 
mance,  hover  and  transition.  > In  each  part  the  isolated 
propeller  data  and  the  installed  propeller  data  are  presented 
and  compared.  The  effects  of  cyclic  pitch  are  given  in  the 
second  and  third  parts.  These  data  form  an  excellent  basis 
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for  the  comparison  of  analytical  results.  The  generation  of 
analytical  results  and  the  comparison  with  the  test  data 
should  be  done  in  the  next  phase. 

8.2  PROPELLER  PERFORMANCE  CHARACTERISTICS 

The  hover  performance  characteristics  of  the  propeller  were 
measured  for  the  case  of  the  isolated  propeller,  the  propeller 
with  clean  wing,  and  for  the  propeller  with  the  flaps  and 
slats  extended.  The  cruise  performance  was  measured  for  the 
isolated  propeller  and  for  the  propeller  with  clean  wing. 

The  hover  performance  results  are  shown  in  Figures  8.1  to  8.8. 
In  Figure  8.1  the  variation  of  Ct  with  Cp  may  be  seen  for  RPM 
of  1100.  For  the  isolated  propeller  the  analytically  pre¬ 
dicted  Cp  vs  Cp  curve  is  shown.  It  may  be  seen  that  at  the 
lower  Cp  the  predicted  values  and  the  measured  values  are  in 
agreement  while  for  the  higher  Cp  the  measured  values  exceed 
the  analytical  values.  The  addition  of  the  wing  causes  an 
increase  in  power  for  a  given  thrust.  The  deflection  of  the 
flaps  causes  a  further  increase  in  power.  The  effect  of  tip 
speed  on  Or  vs  Cp  is  shown  in  Figure  8.2  It  may  be  seen  that 
the  influence  of  tip  speed  shows  small  but  consistent  influ¬ 
ence  on  CT  vs  Cp. 

The  influence  of  the  wing  on  C>p  vs  875  and  for  Cp  vs  4*75  is 
shown  in  Figures  8.3  and  8.4  for  1100  RPM.  Comparing  the 
isolated  propeller  to  the  propeller  with  wing,  to  maintain  the 
constant  Ct  or  Cp,  an  increase  in  collective  is  required.  As 
the  high  lift  devices  are  deployed,  additional  collective  is 
required  to  maintain  Ct  and  Cp. 

Figure  of  Merit  as  a  function  of  Ct  is  shown  in  Figures  8.5  and 
8.6.  The  Figure  of  Merit  remains  nearly  constant  at  a  high 
value  over  a  wide  range  of  values  of  Ct.  In  Figure  8.5  it  may 
be  seen  that  the  presence  of  the  wing  costs  approximately  5 
points  of  Figure  of  Merit.  There  does  not  appear  to  be  a 
significant  difference  between  the  effect  of  the  deem  wing  as 
compared  to  the  wing  with  slats  and  flaps  extended.  The  effect 
of  tip  speed  on  Figure  of  Merit  for  the  isolated  propeller  is 
shown  in  Figure  8.6.  The  increase  in  Figure  of  Merit  of  5 
points  is  obtained  in  going  from  850  RPM  to  1050  RPM.  Going 
from  1050  RPM  to  1100  RPM  results  in  no  change  or  a  slight 
decrease  in  Figure  of  Merit.  The  reduction  in  Figure  of  Merit 
with  lower  RPM  is  probably  associated  with  the  lower  NR. 
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Evan  at  the  highest  tip  speed  no  appreciable  Mach  number 
effect  is  apparent  or  predicted. 

The  maximum  Figure  of  Merit  predicted  analytically  for  the 
full-scale  propeller  is  0.76.  The  measured  Figure  of  Merit 
for  the  isolated  propeller  is  0.82.  This  difference  caused 
considerable  concern  and  led  to  an  extensive  investigation  of 
the  balance.  The  interactions  matrix  was  established 
through  extensive  calibration.  There  remains  the  possibility 
of  a  systematic  error  in  the  test  configuration  and  measure¬ 
ments.  There  is  also  the  possibility  of  some  ground  effect 
from  the  flat  top  of  the  Dynamic  Rotor  Test  Stand  and  a 
possibility  of  some  recirculation  despite  the  large  size  of 
the  plenum. 

The  measured  cruise  performance  is  summarized  in  terms  of 
Cp  vs  J  in  Figures  8.7  and  8.8.  Also  shown  in  Figures  8.7 
and  8.8  are  lines  of  constant  collective  and  constant  cruise 
efficiency.  At  high  values  of  J,  the  measured  cruise  effi¬ 
ciency  is  less  than  the  predicted  values  by  almost  ten  points. 
Possible  causes  for  this  include  the  high  drag  of  the  round 
blade  roots,  the  effect  of  supervelocities  due  to  spinner, 
spinner  tares  and  live  twist.  These  causeB  require  further 
investigation  before  drawing  any  conclusions  from  the  cruise 
efficiency  data. 

Comparing  the  cruise  performance  of  the  isolated  propeller, 
Figures  8.7,  to  that  for  the  propeller  with  wing.  Figure  8.7 
shows  that  the  cruise  efficiency  is  degraded  by  the  presence 
of  the  wing.  For  conditions  likely  to  be  encountered  in 
cruise,  (i.e.,  Cp  ■  .16)  the  loss  in  efficiency  is  approxi¬ 
mately  5  points.  It  should  be  noted  that  the  shape  of  the 
constant  efficiency  curves  has  been  affected  by  the  influence 
of  the  wing. 

In  computing  the  cruise  efficiency  and  the  Figure  of  Merit, 
no  account  has  been  taken  for  the  effect  of  "live "twist. 
Aeroelastic  blade  load  calculations  show  the  "live"  twist  at 
1100  RPM  and  d  75  ■  13°  to  be  approximately  1.7°  from  tip  to 
pitch  link  tending  to  untwist  the  blade.  The  effect  of  "live" 
twist  would  be  to  increase  the  Figure  of  Merit  and  to  decrease 
the  cruise  efficiency. 
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8.3  EFFECT  OF  CYCLIC  PITCH  ON  PITCHING  MOMEL.'T 

I 

The  effect  of  cyclic  {{itch  on  pitching  moment  is  shown  in 
Figures  .8.9  and  8^11*.  in  Figure  8.9  is  shown  the 
variation  of  Cm  with  9  2  £°r  conditions  approximating  hover 
(Ct  ■  .21).  It  is  seen  that  Cm  vs  02  is  linear  fdrd2*-10° 
and  that  forfi^  greater  than  10*  the  non-linearity  is  not 
serious.  At  hover  rpm  (1100),  approximately  ±7*  of 9 2  pro-' 
vides%6  radian/sec2  pitch  acceleration  to  the  V/STOL  air¬ 
craft  for  which  the  propeller  was  designed.  In  Figure  8<11 
a  comparison  of  data  for  850  RPM  with  data  taken  at  1100  RPM 
indicates  that  the  effect  of  tip  speed  on  Cm  is  negligible. 

I  1  1 

It  should  be  noted  that  there  appear j  to  be  about  0.8°  of 
negative  cyclic  bias  in  the  data.  This  bias  may  arise  from 
interference  due  to  the  slipstream  impinging  with  the 
structure  of  the  DRTS.  This  would  tend  to  give  a  negative 

pitching  moment. 

{ 

The  phase  of  the  pitching ‘  moment  with  respect  to  the  cyclic 
pitch  is  shown  in  Figure  8.10.  The  phase  is  seen  to  be 

independent  of  62  from  ^15?  of  cyclic  pitch.  The  shift  in 

phase  from  positive  to  negative  cyclic  pitch  is  180°.  The 
predicted  phase  shift  6f  the  moment  was  approximately  10°. 

To  allow  for  this  the  cyclic  pitch  axis  was  advanced  10*. 

The  measured  phase  relative  to  the  cyclic  pitch  axis  was 
a  lag  of  25*.  It  was  not  deemed  necessary  to  reset  the 
advance  of  the  pitch  axis  (a  major  model  change) . 

The  thrust  offset  in  terms  of  X/R  vs  d  2  is  shown  in 
Figure  8.11..  These  data  are  another  way  of  expressing  the 
results  shown  in  Figure  8.9.  The  comments  on  Figure  8.9 
are  also  applicable  to  the  thrust  offset. 

'  .  '  •  .  . 

8.4  EFFECT  OF  CYCLIC  PITCH  ON  THRUST  AND  POWER 

1  1  •' 

The  effect  ofd2  on  ^T  shown  in  Figure  8.12.  Cr  is  seen 
to  be  independent  of  0  2-  These  results  differ  from  the  eesults 
obtained  by  other  investigators  (See  References  1  and  2). 
where  Ct  experiences  a  slight  symmetrical  drop  off  at0£,is 
increased.  In  the  present  tests,  the  RPM  was  held  constant 
within  1 2  RPM  over  the  cyclic  range  which  might  account  for 
the  lack  of  variation.  ' 
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I  •  , 

The  effect  of  02  on  Cp  for  the  isolated  propeller  is  shown 
in  Figure  8. 13.  The  variation  of  Cp  with  ©2  is  seen  to  be 
an  approximately  parabolic  curve.  Cp  as  measured  in  this 
test  includes  the  mechanical  friction  of  the  swashplate, 
pitch  links/  bearings/  etc.  forward  of  the  strain  gage  on  the 
drive  shaft.  The  hub  was  designed  to  flight  hardware  quality 
and  should  give  a  reasonable  representation  of  the  mechanical 
friction  present  in  a  full-scale  hub.  Since  the  control 
requirements  for  a  typical  V/STOL  transport  may  be  met  with 
±7°  of  cyclic  pitch  or  an  incremental  Cm  of  .02,  the  power 
penalty  of  cyclic  pitch  control  in  hover  is  approximately 
12%  of  the  hover  powdr. 

The  induced  effects  of  the  wing  are  shown  in  Figure  8.14.' 

The  ratio  Cp/Cpo'  where  Cp0  is  Cp  at  62  ■  -.8°  is  shown  as  a 
function  of  C|fp  for  both  the  isolated  propeller  and  for  the 
propeller  with  wing.  Comparison  of  these  data  shows  that 
the  presence  of  the  wing  reduces  the  power  requirements  for 
control  to  approximately  7.51  of  the  hover  power. 

Examination  of  the  effect  of  cyclic  pitch  on  the  isolated 
propeller  Figure  of  Merit,  Figure  8.1$,  gives  the  combined 
effect  of  the  variation  of  Cr  and  Cp  with  ©2.  The  principle 
variation  does  lie  in  Cp.  However/  the  variation  in  Figure 
of  Merit  does  show  a  drop  off  *s  the  amplitude  of  62  *8 
increased.  This  drop  off  reflects  the  performance  penalty 
’  shown  in  the  Cp  curves. 

8.5  EFFECT  OF  CYCLIC  PITCH  ON  NORMAL  FORCE 

The  effect  of  cyclic  pitch  on  normal  force  is  shown  in 
Figure  8.16.  The  slope  of  Cnf  curve  is  positive  as  would 
be  expected.  The  apparent  bias  in 02  is  -2.5.  Little  varia¬ 
tion  is  observed  in  going  from  850  RPM  to  1100  RPM.  The  effect 
of  the  wing  is  to  reduce  the  bias,  see  Figure  8.17. 

8.6  BLADE  LOADS 

* 

Blade  loads  for  hover  are;  shown  in  Figures  8.18  to  8.24 
Figures  8.18  and  8.19  compare  the  steady  flap  and  chord 
bending  moments  to  the  alternating  flap  and  chord  bending 
moments  for  changes  in  collective  pitch  at 02  ■  0#»  The 
steady  moments  are  seen  to  vary  approximately  linearly 
with  collective  up  to  18°.  The  alternating  moments  remain 
essentially  independent  of  075  until 075  ■  18°  above  which 
the  alternating  loads  show  a  marked  increase.  The  behavior 


28 


r 


D170-10040-1 

in  slope  above  0 75  ■  18*  is  attributed  to  the  onset  of  blade 
stall. 

The  effect  of  RPM  on  the  steady  loads  is  seen  to  be  propor¬ 
tional  to  as  might  be  expected.  The  alternating 

loads  are  essentially  independent  of  RPM. 

In  Figure  8.19  are  shown  the  effects  of  the  wing  on  the 
flap  bending  moments  as  a  function  of$75  for  02  ■  0.  The 
steady  moments  exhibit  no  influence  from  the  presence  of  the 
wing.  The  alternating  loads  are  influenced  by  the  presence 
of  the  wing,  showing  a  consistent  reduction. 

The  alternating  moments  due  to  cyclic  for  the  isolated  pro¬ 
peller  are  given  in  Figures  8.20  and  8.21.  The  moments 
are  presented  as  a  total  alternating  moment  and  as  the  iirst 
three  harmonics.  The  phase  of  the  harmonics  is  also  shown. 

The  residual  cyclic  bias  is  also  present  in  the  moments. 

The  total  alternating  moment  and  the  first  harmonic  are 
linear  with  cyclic.  The  first  harmonic  exhibits  a  180*  phase 
shift  in  going  from  positive  to  negative  cyclic.  The  second 
and  third  harmonics  are  relatively  insensitive  to  cyclic 
pitch.  Significantly,  the  ratio  of  the  higher  harmonics 
to  the  fundamental  decreases  as  the  total  load  increases  with 
cyclic  pitch. 

A  comparison  of  the  blade  loads  due  to  cyclic  pitch  at 
075  "  14#  for  the  isolated  propeller  with  the  loads  for  the 
propeller  with  wing  is  shown  in  Figure  _8.22.  The  alternating 
flap  bending  loads  are  reduced  by  the  presence  of  the  wing. 

The  chord  bending  moment  and  the  torsional  moment  are 
insensitive  to  the  influence  of  the  wing. 

In  Figure  8.23  the  harmonics  of  the  flap  bending  moment  for 
the  propeller  with  wing  at  075  ■  14*  for  a  range  of  02  are 
presented.  The  moments  are  shown  on  a  logarithmic  scale 
because  of  the  rapid  decrease  in  the  magnitude  of  the 
harmonics.  Comparison  of  the  total  alternating  moment  with 
the  first  harmonic  shows  that  even  with  the  wing  the  blade 
loads  are  principally  due  to  cyclic  pitch.  The  second  and 
higher  harmonics  ire  a  magnitude  less  than  the  first  harmonic. 
As  regards  hover,  it  appears  that  the  primary  loads  exper¬ 
ienced  are  the  steady  loads  and  the  first  harmonic  due  to 
cyclic. 
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The  effect  of  RPM  on  the  blade  loads  dus  to  cyclic  is  shown 
in  Figure  8.24.  Ths  change  in  sensitivity  of  the  load  with 
»2  is  due  primarily  tb  the«*>/4»N/  where  is  ths  first 
coupled  resonance  of  the  blade.  For  these  blades  the  first 
resonance,  under  rotation,  is  approximately  2200  CPM.  The 
propeller  responds  as  a  simple  single  degree  of  freedom  system 
with  a  cyclic  forcing  moment.  Examination  of  the  amplitude 
and  phase  angle  of  the  blade  loads  confirm  the  validity  of 
this  representation. 

8.7  EFFECT  OF  Gy  ON  PITCHING  MOMENT  RATE 

The  pitching  moment  vs  cyclic  pitch  for  C^  ranging  from  0.0085 
to  0.30  is  shown  in  Figure  8.25.  The  slope  of  the  pitching 
moment  curves  is  seen  to  increase  as  is  increased.  The 
variation  of  slope  with  Cj  is  often  attributed  to  the  induced 
effects  of  the  vorticity  (Reference  3  ) .  These  data  indicate 
that  at  low  Cm,  approaching  sero,  that  substantial  loss  of 
control  power  may  oe  encountered. 

Comparison  of  the  results  of  this  test  with  data  from  other 
tests  is  presented  in  Figure  8.26.  These  data  are  normal¬ 
ized  with  respect  to  solidity. 

The  data  from  this  test  are  in  general  agreement  with  the 
data  from  the  other  tests.  It  may  be  seen  that  the  data 
from  reference  4  appears  to  be  consistently  higher  than 
the  other  data.  Shown  as  a  dotted  line  is  the  analytical 
moment  coefficient  using  a  section  lift  curve  slope  of  0.1 
per  degree.  At  hover  C?  of  .21,  the  measured  slopes  are  close 
to  the  analytical  slopes.  As  Cf  is  decreased,  the  measured 
slopes  decrease,  suggesting  that  the  induced  wake  effects  may 
be  significant  in  some  phases  of  control. 

8.8  BLADE  FREQUENCIES 

For  blade  loads  and  for  proper  operating  conditions,  the 
frequencies  of  the  scaled  test  blades  must  have  the  same 
relationship  to  operating  RPM  as  the  full-scale  blades. 

The  test  blades  were  designed  to  meet  this  condition 
(See  Appendix  A) .  The  correlation  between  the  design  and 
the  measured  frequency  data  is  shown  in  Figure  8.27. 
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"Hand"  analysis  of  CEC  racords  ravsalad  tha  axistanca  of  blade 
harmonic  responses.  Frequencies  obtained  from  two  runs  are 
plotted  in  Figure  8.27  along  with  predictions  (L-21)?  The 
correlation  of  the  test  with  predicted  frequencies  is  good. 
Data  were  obtained  from  two  separate  runs  as  indicated. 

Run  4  with  675  ■  20*  and  the  rotor  speed  decreasing  slowly 
under  a  shutdown  condition  and  Run  7  with  675  ■  14*  at 
various  steady  rotor  speeds.  Original  calculations  indicated 
collective  to  have  no  appreciable  effect  on  blade  frequencies. 

The  data  points  shown  for  SI-  -  0  were  obtained  from  electro¬ 
magnetic  shake  tests  of  the  total  system  prior  to  the  tests. 
Flap  bending  "tweak”  tests  were  performed  during  the  course 
of  testing  (between  model  changes  atAaO).  The  frequency 
remained  unchanged. 


*L-21  Coupled  Flap  and  Chord  Bending  Vibration  Analysis 
of  a  Rotor  Blade 
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8.9  TRANSITION 

The  presentation  of  the  transition  data  is  divided  into  three 
sections.  The  first  section  presents  data  for  a  nominal 
schedule  for  a  medium  transport  (80,000  lbs.  gross  weight) 
undergoing  an  unaccelerated  transition  with  no  applied  control 
moments.  The  configuration  tested  was  the  propeller  and  wing 
with  flaps  and  slats.  The  tunnel  had  an  open  throat  for  these 
tests •  The  second  section  presents  data  for  the  variation  of 
shaft  angle  at  constant  J  for 675  ■  14°  and©2  ■  0  for  both 
the  isolated  propeller  and  for  the  propeller  and  wing  with 
flaps  and  slats.  The  third  section  presents  the  effects  of 
6  2  on  the  data  of  the  second  section. 

8.10  NOMINAL  TRANSITION 

The  nominal  schedule  of  ©75,  J,  Cj.  and  Cp  as  a  function  of 
shaft  angle  for  model  hover  RPM  of  1100  is  presented  in 
Figures  8.28  to  8.31*  For  these  tests  and  J  were  set, 
then  ©75  was  adjusted  to  give  the  required  C^.  Cp  was  the 
open  variable. 

In  Figure  8.29..  is  shown  Ct  vs  0C3  .  The  conditions  for  data 
point  a<g>  15°  were  misread  from  the  analytical  schedule. 
This  error  was  not  uncovered  until  after  the  test  program 
was  complete.  The  data  at  ■  15* ,  while  not  representative 
of  the  transition,  is  correct  as  presented. 

In  Figure  8.30  Cp  vs«Cs  iB  presented.  The  predicted  Cp  is 
shown  as  the  dashed  line.  It  can  be  seen  that  although  the 
measured  Cp  for  the  transition  is  generally  less  than  the 
predicted  Cp,  the  trends  are  similar. 

The  alternating  loadings  experienced  by  the  blades  during 
this  transition  are  shown  in  Figures  8.31  to  8.35*  The 
total  loading  and  the  first  three  harmonics  are  shown  as  a 
function  of  J.  In  Figure  8.31  the  flap  bending  moment  peaks 
ateCg  -  67  degrees.  <S  -  67°  may  not  represent  a  true  maximum 
since  the  vicinity  on  either  side  was  not  explored.  The 
moments  f or  ■  90°  are  less  than  ■  67  by  a  factor  of  4. 

As  J  increases  andc £s  decreased  approaching  the  end  of  transi¬ 
tion,  the  flap  moments  decrease  by  a  factor  of  2.  having 
reached  15°,  J  increases  as  the  aircraft  increases  speed  in 
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horizontal  flight.  Tha  blade  flap  bending  momenta  increase 
with  increasing  J.  The  phasing  of  the  blade  first  harmonic 
flap  moments  over  most  of  the  transition  is  approximately 
290°  which  produces  a  positive  hub  pitching  momeut.  Thus, 
the  o(9  moments  would  be  in  adding  and  subtracting  from  the 
control  pitching  moments. 

The  higher  harmonics  do  not  contribute  significantly  to  the 
blade  loads  during  the  low  J  portion  of  the  transition 
(See  Figures  8.32  to  8.35).  Only  the  magnitude  of  flap 
bending  appears  to  be  affected  by  the  increase  in  J.  The 
second  harmonic  makes  an  appreciable  contribution  to  flapping 
moment  for  J  greater  than  0.5.  The  first  12  harmonica  for 
the  flapping  bending,  chord  bending  and  blade  torsion  for 
the  transition  are  shown  in  Figures  8.36  to  8.38. 

8.11  THE  EFFECT  OF  SHAFT  ANGLE 

Data  for  test  runs  27  through  33  for  the  isolated  propeller 
at  constant  collective  at  different  shaft  angles  as  a  function 
of  J  is  presented  in  Figure  8*39  In  Figure  8.39  are 
shown  Op  and  Cp.  CT  approximately  varies  linearly  withotj  . 

For  the  lower  shaft  angles  C?  decreases  as  J  increases  due 
to  the  reduction  in  the  local  angle  of  attack.  Cp  is  seen 
to  decrease  with  J  for  the  same  reason. 

In  Figure  8.40  are  shown  the  CyM,  C^p,  and  C^f  as  a 
function  of  shaft  angle  for  constant  values  of  J.  The  data 
are  seen  to  be  approximately  linear  with  for  the  range  of 
4*  and  J  tested  for  constant  J  with  an  intercept  close  to 
the  origin. 

8.12  EFFECT  OF  G  2 

For  the  isolated  propeller  in  Runs  34  through  38  the  effect 
of  e2  on  the  Cpm,  Cym#  end  Cnf  iu  shown  in  Figures  8.41  to 
8.45  for  a  range  of  dk$  for  constant  J.  The  data  exhibit  a 
linear  relationship  between  the  coefficients  andd,*  In 
these  tests  the  range  of  $2  wa8  limited  by  the  design  allow¬ 
ables  for  the  blades.  TheG2  to  trim  the  pitching  moment  for 
a  given  J  is  seen  to  be  a  function  ofefg,  becoming  increas¬ 
ingly  negative  as  J  is  increased  and  as«Q  goes  from  30°  to 
90°.  The  sensitivity  of  the  coefficients  is  essentially 
independent  of«Cg. 
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3.13  EFFECT  OF  CYCLIC  ON  BLADE  LOADS 

The  effect  of ©2  on  bbe  blade  loade  la  shown  In  Figure  8.46 
for  the  case  of«dg-  60s,  J  ■  .32  and  675  -  13.83*.  The 
shift  In  the  location  of  the  minimum  of  the  first  and  second 
harmonics  from  ©2  ■  0  is  in  agreement  with  the  shift  observed 
for  the  hub  loads.  The  magnitude  of  the  first  harmonic  at 
62  ■  5s  reflects  the  effect  of  the  crors  flow.  It  was 
observed  during  the  test  that  the  waveform  of  the  flap  bend¬ 
ing  signal  underwent  a  drastic  change  in  frequency  content 
as  the  cyclic  angle  was  varied.  This  change  is  reflected  by 
the  variation  in  the  relative  amounts  of  the  first  and  second 
harmonics  as  ©2  was  varied  from  -9°  to  0*.  As  can  be  seen, 
for  the  large  negative  ©2 ,  the  ratio  of  the  first  to  second 
harmonic  is  on  the  order  of  4 1 3 ,  while  for  the  low  negative 
©2  the  ratio  is  closer  to  3:1. 

The  phase  of  the  harmonics  relative  to  the  1/rev  index  is  also 
shown  in  Figure  8.46.  The  phase  of  the  first  harmonic 
varies  smoothly  from  +76*  at  ©  n  m  “9*  to  at®2  "  °° 

with  the  sign  change  corresponding  to  the  projected  minimum 
in  magnitude  at  ©2  ■  -5s.  The  departure  for  a  180°  phase 
shift  is  attributed  to  the  vector  addition  of  the  residual 
moment  to  the  moment  due  to  ©2 .  The  second  harmonic  shows  a 
strong  phase  shift  occurring  near  the  projected  minimum 
in  the  magnitude.  The  residual  second  harmonic  magnitude  is 
seen  to  be  small.  The  sharpness  of  the  phase  shift  indicates 
that  the  second  harmonic  is  strongly  dependent  on  ©2. 

8.14  PROPELLER  WITH  WING 

In  Runs  40  to  44,  the  transition  conditions  for  the  isolated 
propeller  were  repeated  for  the  propeller  with  wing.  These 
data  are  shown  in  Figures  8,47  to  8.51.  • 


Most  significantly,  comparisons  of  these  data  with  the  data  for 
Runs  34  to  39  show  essentially  no  major  effect  due  to  the  pres¬ 
ence  of  the  wing.  Examples  of  these  comparisons  are  shown  in 
Figures  8.52  to  8.54.  In  Figure  8.52  the  effect  of  the  wing  is 
shown,  o)  cMP/dsCs  is  slightly  greater  for  the  propeller  with 
wing  than  for  the  isolated  propeller  and  the  slope  of  the  curve 
is  8 lightly  greater.  Projection  of  the  two  curves  towards  the 
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origin  gives  an  intersection  in  tha  vicinity  of  J  -  0.  This 
result  is  basically  different  from  tha  results  of  previous 
investigations,  where  a  factor  approaching  2.5  exists  between 
the  isolated  propeller  and  the  propeller  with  wing  for  any 
value  of  J  . 

In  Figure  8.53  is  shown  a  comparison  of  the  as  a 

function  of  J.  As  can  bi  seen,  the  curves  are  almost 
coincident.  These  data  indicate  that  wing  effects  are 
extremely  small. 

In  Figure  8.54  is  shown  the  variation  of  C^p  withoC*  for  a 
range  of  J  for  both  the  isolated  propeller  and  the  propeller 
with  wing.  As  can  be  seen,  the  effect  of  the  wing  is  to 
increase  the  intercept  with  the  vertical  axis  while  causing 
only  a  slight  change  to  the  slope  as  compared  to  data  for  the 
isolated  propeller. 

8.15  EFFECT  OF  ©2  ON  CONTROL  POWER 

In  Figure  8.55  is  presented  data  for  the  effect  ?fV  on 
control  power  during  transition  for  the  case  of  isolated 
propeller  and  for  the  propeller  with  wing  and  flaps  at 

■  60°.  The  data  appears  as  a  family  of  curves.  As  J  is 
increased,  the  locus  of  the  minimum  Cp  is  obtained  by  the 
application  of  negative  ©2  •  The  data  for  the  positive  0, 
was  restricted  by  the  combined  stress  from  the  steady  plus 
alternating  loads.  The  minimum  is  shifted  further  to  the 
negative  02  by  the  presence  of  the  wing. 

For  a  J  of  .2  the  influence  of  the  wing  is  to  reduce  the 
required  Cp  by  approximately  1%  for  comparable  Qr>  As  J  is 
increased,  this  spread  becomes  less  and  tends  to  vanish. 

The  increase  in  J  at  these  shaft  angles  would  cause  an 
increase  in  the  skewness  of  the  propeller  wake.  As  the 
skewness  increased,  the  wing  would  exert  less  effect  on  the 
wake.  In  the  extreme  case  the  wake  would  miss  the  wing  giving 
rise  to  a  different  flow  geometry  completely. 
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9.0  CONCLUSIONS  AND  RECOMMENDATIONS 

9.1  The  mechanical  and  structural  performance  and  reliability 
of  the  model  throughout  the  test  were  very  good.  This  dynamic 
model  is  considered  to  be  an  excellent  tool  for  the  investiga¬ 
tion  of  cyclic  pitch  propeller  phenomena. 

9.2  The  moments  due  to  cyclic  pitch  agree  well  with  previous 
data.  Moments  are  linear  with  cyclic  up  to  *10®  with  only  a 
small  fall-off  in  cyclic  up  to  15*.  The  maximum  of  thrust 
offset  obtained  was  about  35%  of  blade  radius. 

9.3  Moment  per  degree  of  cyclic  varies  only  slightly  with 
advance  ratio  and  shaft  angle  and  is  essentially  unaffected 
by  the  presence  of  the  wing.  This  ag*iin  confirms  previous 
testing. 

9.4  Propeller  hub  moments  in  descent  can  be  trimmed  to  zero 
with  7°  of  cyclic  for  90°  propeller  incidence  at  35  knots  full 
scale  speed. 

9.5  Increase  in  power  due  to  cyclic  pitch  for  this  high 
activity  factor  propeller  is  quite  low.  A  12%  increase  in 
power  provides  enough  moment  to  give  .6  radians/sec2  on  a 
typical  cilt  wing  transport  airplane. 

9.6  Variation  of  isolated  propeller  pitching  moments  with 
shaft  incidence  was  in  general  agreement  with  1/12  scale  model 
data. 


9.7  The  increase  in  propeller  pitching  moment  vs  shaft  angle 
due  to  the  presence  of  the  wing  in  this  test  program  was  only 
about  503  which  compares  with  a  factor  of  2  and  more  on  the 
1/12  scale  model.  This  difference  is  at  present  unexplained 
and  needs  further  investigation. 

9.8  Blade  loads  in  all  regimes  investigated  were  predominantly 
1/rev  with  some  2/rev  in  some  conditions  and  negligible  loads 
from  all  higher  harmonics. 

9.9  Blade  loads  in  hover  are  substantially  linear  with  cyclic 
pitch. 
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9.10  The  highest  blade  loads  in  transition  occur  at  low 
spaads  and  high  shaft  anglas. 

9.11  Maximum  Figure  of  Merit  of  the  isolated  propeller  was 
about  824.  This  is  substantially  higher  than  predicted. 

Figures  of  Merit  in  excess  of  80%  were  achieved  over  a  C>p 
range  from  .15  to  .3. 

9.12  The  presence  of  the  wing  reduced  Figure  of  Merit  by 
approximately  4%  which  is  a  greater  loss  than  predicted. 

Further  examination  and  analysis  of  the  hover  performance 
recorded  is  required. 

9.13  The  cruise  performance  with  the  propeller  was  below 
predictions  and,  again,  the  adverse  effect  of  the  wing  appears 
to  reduce  efficiency  by  about  5%  which  is  greater  than 
predicted. 

9.14  Model  testing  of  lightly  loaded  tilt  rotor  propellers 
has  indicated  possible  large  effects  on  cruise  efficiency  from 
such  effects  as  spinner  tares  and  live  twist  jI  the  blades. 
Also,  the  model  blades  has  exposed  round  root  sections  which 
would  create  high  drag  at  the  higher  forward  speeds  tested. 
Further  analysis  of  the  data  from  this  program  and  possibly 
additional  testing  is  required  before  high  confidence  can  be 
established  in  the  cruise  performance  data  shown  herein. 

Recommendations  t 

9. 15 Comparisons  should  be  made  with  the  test  results  of  this 
report  to  the  results  of  other  investigators  to  establish  the 
areas  of  agreement  and  to  identify  any  questions  requiring 
further  investigation. 

9. 16  Existing  analytical  methods  should  be  used  to  calculate 
the  hub  and  blade  loads  for  the  propeller  in  hover  'and  in  tran¬ 
sition.  These  results  would  be  compared  with  the  results  of 
the  tests  to  evaluate  the  methodology  and  indicate  areas  where 
improvement  is  required. 

9 . 17  Performance  studies  should  be  conducted  to  understand  the 
high  Figure  of  Merit  and  for  the  low  cruise  efficiency.  In 
particular,  supervelocity  due  to  the  spinner,  live  twist,  and 
the  aerodynamics  at  the  blade  root  should  be  included  in  the 
calculations . 
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9.18  A  test  program  to  teat  at  full  scale  Mach  number  for 
hover,  transition,  and  cruise  should  be  conducted.  ,  For  these 
tests,  the  propeller  design  should  be  further  optimized  for 

performance  as  regards  geometry  and  twist  distribution. 

'  ' 

9.19  Additional  testing  of  the  Froude-scaled  propeller  should 
be  conducted  where  the  wing  forces  and  moments  p're  measured 

to  resolve  the  question  of  wing  interference  effect. 
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APPENDIX  A 
BLADE  DESIGN 


The  teat  propeller  blade  dealgn  is  based  on  the  full-scale 
properties  of  the  18D  propeller.  The  18D  propeller  is  the 
outgrowth  of  a  V/STOL  transport  study  and  is  taken  to  be 
representative  of  a  V/STOL  propeller.  The  18D  design  is 
shown  in  Figure  A.l.  The  detailed  properties  of  the  18D 
blade  are  given  in  Tables  A.l  -  A. 3  and  in  Figures  A. 2 
The  airfoil  for  the  blade  is  a  modified  NACA  64  series. 

The  design  properties  of. -the  test  blades  are  given  in  Table  4 
and  in  Figures  A.  3  to  A.  13.  The  test  blades  differed  in 
construction  from  the  18b  blades  in  that  the  test  blades 
had  a  glass  box  spar  that  provided  essentially  all  the  stiff¬ 
ness.  The  remainder  of  the  blade  was  edge  cut  balsa  to  pro¬ 
vide  the  contour.  The  blade  was  wrapped  with  crossply  glass 
to  provide  a  smooth  surface.  The  proof  of  the  design  was  in 
the  simulation  of  the  natural  frequencies.  _ The  design 
natural  frequencies  are  given  in  Figure  A. 14.  The  measured 
frequencies  for  the  blades  mounted  in  the  hub  with  the  hub 
firmly  attached  to  ground  are  given  in  Table  5.  As  can  be 
seen,  the  design  meets  the  requirements. 

The  blades  have  a  precone  angle  of  1.5°  to  relieve  the  steady 
bending  moments . 

't 


87 


Wv.Vi-1 


TABIS  A.l 


M-170  BIADE  PROPERTIES  ■  DESIGN  18D 

(geometry) 

R  -  158.5  INCHES 
PITCH  AXIS  -  .35C 


Vr 

6(3) 

(inch) 

Q  (x) 

(  inch) 

•  (x) 

(inch) 

1.0 

-4.28 

-.13 

-1.303 

.91 

-4.28 

-.13 

-1.303 

.758 

-1.92 

+  .658 

-.239 

.606 

-.093 

+  .87 

+.793 

.455 

-1.64 

m 

+1.051 

+.010 

.303 

+  .156 

+.504 

+  .554 

.2335 

-52 

+  .21 

0.0 

1  .1515 

0.0 

0.0 

0.0  | 

.056 

0.0 

0.0 

0.0 

e  (j3  *  chordvise  distance  of  shear  center  from  pitch 

axis  (positive  aft) 

q  (*)  -  chordvise  distance  of  mass  center  from  pitch  axis 

(positive  aft) 

s  (x)  -  chordvise  distance  of  neutral  axis  from  pitch  axis 

(positive  aft) 
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TABUS  A.  2 

M-170  BLADE  PR0FERTIE3  -  DESIGN  l8P 


R  -  158.5  INCHES 
PITCH  AXIS  -  .35C 
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TABU  A.  3 


M-170  BIADE  PROPERTIES  -  BBBION  l8p 

TWIST  R  -  158.5  Inches 


0  is  positive  with  leading  edge  up 
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B.l  MODEL  INSTRUMENTATION  AND  DATA  ACQUISITION  SYSTEM 
B.1.1  Model  Instrumentation 


A  tabulation  of  each  item  being  recorded  or  monitored  from 
the  model  is  presented  on  Table  B.l.  This  chart  shows  the 
following: 

a)  The  engineering  units  for  each  item 

b)  The  filter  frequency  cutoff  for  each  data  channel 


c)  The  anticipated  range  of  data  lor  each  channel 

d)  The  allowable  data  range  based  on  model  capability 

e)  The  recording  or  display  instrument  for  each  channel 
of  data. 

B.l. 2  Five  Component  Balance 

The  balance  attaches  to  the  aft  end  of  the  propeller  stack 
and  measures  modal  thrust,  normal  force,  side  force,  pitching 
moment,  and  yawing  moment. 

B. 1.3  Torque  Shaft 

Torque  measurements  are  obtained  from  strain  gages  located 
on  the  flexible  coupling  which  prevents  forces  or  moments, 
other  them  torque,  from  passing  through  the  drive  shaft. 

B.1.4  Propeller  Rotational  Speed  and  Aximuth  Locator 

The  propeller  rpm  is  obtained  from  a  60-tooth  gear  located 
on  the  drive  shaft  and  a  magnetic  proximity  pickup  which 
feeds  a  counter  in  the  1800  computer.  The  azimuth  location 
of  each  propeller  blade  is  determined  from  a  second  proximity 
pickup  and  a  striker  on  the  drive  shaft/ (See  Figure  B.2) 
which  shows  the  azimuth  location  of  the  blades. 
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The  ahaft  any  la  ralativa  to  tha  sting  was  obtalnad  from  a 
rotary  potantiomatar  that  maaauraa  tha  angla  batwaan  tha 
propallar  ahaft  and  tha  ating  which  aupporta  tha  modal. 

Tha  angular  daflaotion  of  tha  ating  dua  to  cantar  of  gravity 
changa  and  aarodynamic  loading  waa  measured  by  a  pandulum 
potantiomatar  mountad  at  tha  and  of  tha  ating.  Tha  pandulum 
and  rotary  potantiomatar  raadinga  wara  combinad  to  provida 
the  ahaft  angla  relative  to  tha  remote  wind  axia. 


B.1.6  Control  Syatam 

Remote  control  of  cyclic  pitch  and  collective  pitch  waa 
provided  by  three  hydraulic  actuatora  controlled  by  an  analog 
feedback  ayatem.  Thia  ayatam  providaa  atap  input  of  cyclic 

or  collective  pitch  of  5*  with  rates  up  to  50  degxess/pmcond. 
In  addition  ainosodial  inputa  of  cyclic  pitch  can  be  generated 
up  to  60  CPS. 

9.1.7  Blade  and  Pitch  Link 


Two  of  tha  bladea  wara  atrain  gaged  for  flapwiee,  chordwise, 
and  toraional  bending  moments.  In  addition  to  tha  blade 
atrain  gages,  one  pitch  link  was  strain  gaged. 

9.1. 8  Data  Acquisition  System 

The  flow  diagram  of  the  wind  tunnel  data  system  used  in  this 
test  is  shown  in  Figure  Bf3.  Thia  data  system  can  accept 
up  to  120  channels  from  a  model  and  tha  tunnel  itself.  These 
signals  are  routed  as  illustrated  to  an  IBM  1800  computer  for 
processing  and  data  storage.  The  computed  results  are  tabula¬ 
ted  by  a  line  printer.  Final  data  is  stored  on  magnetic  tape. 

A  digital  display  of  any  nine  channels  is  also  available 
during  testing  for  monitoring  purposes.  Dynamic  data  was 
continuously  displayed  on  oscillographs.  This  provided 
assistance  in  preventing  balance  or  structural  limits  from 
being  exceeded. 
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For  on-line  data  sampling  rates  of  6500  samples  par  channel/ 
sec.  was  available.  The  sampling  process  is  accomplished 
with  channel  switching  devices  called  multiplexers  (MPX) . 

The  channel  band  width  was  2024  counts  which  was  set  in  most 
instances  to  give  the  design  allowables  from  Table  B.l. 

The  sample  rate  for  the  dynastic  data  was  2000  samples  per 
channel  per  sec.  Additional  data  reduction  (harmonics  analy¬ 
sis)  of  the  dynamic  data  was  conducted  off-line  on  the  IBM 
360  series  computer.' 
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BALANCE  ALLOWABLES  ARE  REFERED  TO  THE  BALANCE  CENTERLINE 
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Data  Reduction 


At  each  taat  point,  measurements  wart  taken  for  computing  and 
printing  out  on-line  the  quaaiatatio  data  liated  below » 


Density,  p  alugs/ft^ 

Dynamic  pressure,  q  lb/ft2 

Propeller  RPM 

Shaft  Angles  degreea 

Shaft  torque (includes  friction  on  ft.  lba. 

cyclic  pitch  hub) 

Thrust,  T  lba. 

Normal  force  lba . 

Side  force  lba. 

Pitching  moment  (about  hub  centerline,  ft. lba. 

See  Figure  5.1) 

Yawing  moment  (about  hub  centerline,  ft. lba. 

See  Figure  5.1) 


Propeller  forces  and  momenta  meaaured  from  the  internal 
balance  were  reduced  to  coefficient  form  in  propeller 
terminology.  The  propeller-type  coefficients  computed 
and  printed  out  on-line  were  as  follows: 

Advance  ratio,  J  ■  -X 

nD 

Thrust  coefficient,  Ct  ■  - 5-t-  ■  CT 

^n*D4 

Prop  pitching  moment  coefficient,  Cm  ■  Pitching  Moment-CPM 

T  £  n^D  5 


D170-10040-1 

Shaft  power  coefficient,  C*  -  .  cp 

^  f  n3D  5 

Prop  normal  force  coefficient,  C^p  ■  Normal  force  -  CNF 

jp  n2o4 

Prop  side  force  coefficient,  CSF  -  ■  CSF 

Prop  yawing  moment  coefficient,  Cyg  ■  Yawing^moment  -  CYM 

Spinner  and  Hub  Aerodynamic  Tare  a 


The  spinner  and  hub  aerodynamic  tares  were  normalized  as 
follows: 


Thrust 

TRB/q 

Normal  Force 

NFRF/q 

Side  Force 

SFRF/q 

Pitching  Moment 

PMRB/q 

Yawing  Moment 

YMRB/q 

Torque 

QRB/q 

These  data  were  curvefitted  as  a  function  of  shaft  angle  (b^SC) 
and  then  at  a  particular  shaft  angle  applied  to  the  data  with 
blades  on  as  a  function  of  tunnel  dynamic  pressure.  ' 

(See  Appendix  E) . 
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On- line  Computer  Output 

F.B. 

Flapwiae  binding  moment,  in-lb. 

C.B. 

Chordwiae  banding  moment,  in- lb. 

B.W. 

Blada  toraional  moxoant,  in-lb. 

RPM 

Propallar  apaad(ravolutiona  per  minute) 

(n  revolutions  per  aecond) 

JtR 

Propeller  tip  speed,  fpa 

J 

Propallar  advance  ratio 

VT 

Tunnel  velocity,  fpa 

Shaft  angle  of  attack,  deg. 

•<  SC 

Corrected  ahaft  angle  of  attack,  deg. 

M<1)  (90) 

Advancing  blade  tip  mach  number 

M(2) (270) 

Retreating  blade  tip  mach  number 

Total  preaaure,  lb/ft2 

PT 

PS 

Static  preasure,  lb/ft2 

TS 

Static  temperature,  deg.  F 

RHOT 

Tunnel  air  denaity  slugs/ft3 

QT 

Tunnel  dynamic  preasure,  psf 

VS 

Velocity  of  aound  fpa 

MT 

Tunnel  Mach  number 

AIRVC 

Corrected  tunnel  velocity,  fps 

RN/PT 

Reynolds  Number  per  foot  1/ft 

VMBGP 

Velocity  of  moving  belt  ground  plane. fps 

QS 

Slipstream  dynamic  preasure,  paf 

T/A 

Disk  loading,  paf 

NFRB 

Reference  body  normal  force,  lb 

PMRB 

Reference  body  pitching  moment,  lb 

TRB 

Reference  body  thrust,  lb 

SFRF 

Reference  body  aide  force,  lb 

YMRF 

Reference  body  yawing  moment,  ft-lb 

QRF 

Reference  body  torque,  ft-lb 

CNF 

(3600)NFRG/  (RPM)2(2R)4 

CPM 

(3600) PMRB/  (RPM)2(2R15 
(3600) TRB/  (RPM)*(2R)4 

CT 

cr»F 

(3600) SFRB/  (RPM)2(2R)4 

CYM 

(3600) YMRB/  (RPM)212R)5 
(7200  )QRB/  (RPMj  (2R) ® 

CP 

CTS 

(TRB /A) /QS 

FH 

Figure  of  merit 

EC 

Cruise  efficiency  r, 

((NFRB)2  +  (SFRB) 2 J  **  ; PH IF- Angular 

location  of  resolved  vector 

REF 
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On- 11m  Computer  Output  (Cont.) 

REN  [YMRB)2  +  (PMRB)2I^  )  PHIM-Angular 

location  of  rasolvad  vector 
TO  Thrust  offset 

Input  Constanta 

Propeller  Diameter 
Propeller  Disk  Area 

Shaft  Length  (Pivot 
Point  to  Hub  £) 

Tunnel  Test  Section  Cross 
Sectional  Area 

*Do  not  apply  tunnel  wall  corrections. 


3.76  Pt. 
60.24  ft2 

93.3  in. 
*99,999  Pt2 
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APPENDIX  C 
TEST  PROCEDURE 

C.l  PRE-TEST  FUNCTIONAL  CHECKOUT  AND  CALIBRATION 
C.  1.1  Functional  Checkout 


After  the  model  and  DRTS  were  mated  and  assembled,  the 

following  work  items  were  accomplished  to  insure  minimum 

downtown  during  the  test  period. 

a)  Calibrate  the  Balance 

1)  Without  pressurizing  the  hydraulic  lines  that 
"cross"  the  balance. 

2)  With  the  hydraulic  lines  pressurized  to  maximum 
required  pressure. 

b)  Experimentally  verification  of  the  cyclic  and  collective 
pitch  envelope. 

c)  Determination  of  the  effect  on  balance  sensitivity  and 
loads  due  to  step  and  oscillatory  inputs  to  collective 
and  cyclic  pitch. 

d)  Calibration  of  the  instrumented  pitch  link. 

e)  After  all  wire  packs  were  installed  and  mechanical  build¬ 
up  was  complete,  a  run  was  conducted  at  1100  rpm  to 
evaluate  the  total  dynamic  system,  including  dynamic 
balancing  and  evaluation  of  DRTS  and  model  temperatures. 

f)  A  check  was  made  for  proper  operation  of  the  total 
integrated  control  system  for  collective  and  cyclic  pitch 

g)  The  blades  and  fairings  were  installed  to  insure  proper 
fit  and  the  strain  gages  on  blades  S/N  77  and  76  were 
calibrated. 

h)  Calibrations  of  the  cyclic  and  collective  pitch  were 
conducted.  The  longitudinal  cyclic  pitch  was  input  at 
170  degrees  azimuth. 
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C.1.2  Calibration 

This  section  provides  calibration  data  relating  to  the  balance, 
blades,  pitch  link  and  swashplate  controls. 

a)  Balance 


The  balance  interaction  matrix,  as  defined  during 
the  test  is  presented  in  Table  C.i. 

b)  Blades 

The  initial  calibration  results  of  blade  flap,  chord 
and  torsional  moment  are  presented  as  Figures  C.l  to  C.3. 
The  scatter  in  the  torsional  moment  calibration  iq 
attributed  to  the  gage  being  located  inboard  of  the 
pitch  bearing.  < 

i  i  * 

c)  Pitch  Link 

The  results  of  the  pitch  link  calibration  are  shown  in 
Figure  4.  The  shift  in  the  slope  of  this  data  is 
attributed  to  the  load  being  applied  to  the  blade  out- 
,  board  of  the  pitch  bearings  and  the  pitch  link  being 
inboard  of  these  bearings.  The  calibration  results  are 
repeatable  and  since  the  slope  of  the  curve  is  the  same 
for  increasing  and  decreasing  load*  the  resulting  data 
is  believed  to  be  valid. 

t  , 

d)  Swashplate  Control  System 

The  calibration  results  of  collective  and  longitudinal 
cyclic  pitch  are  shown  in  Figures  C.5  to  C*6.  This  data 
is  presented  as  actual  pitch  settings,  from  inclino¬ 
meter  readings,  versus  the  control  system  and  computer 
readout.  At  the  higher  values  of  collective  pitch 
settings  and  at  the  higher  value  of  cyclic  there  is 
about  .5  degrees  errbr  in  longitudinal  cyclic  setting. 
These  errors  are  due  to  the  non-linearity  in  the 
kinematics  of  the  swashplate  and  hub  controls. 
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BALANCE  "Ch  MATRIX  BV  5007  RUNS  1  to  92 


\ 

> 

•  NP 

BM 

\  t 

A P 

SF 

YM 

RM 

N 

ClOO 

1000 

c!27 

-.028 

CI54  “ 
-.00342 

cUT  “ 

.00523 

C208 

0 

C235 

*.00533 

P 

C101 

0 

C128 

1000 

-cMe 

C182  , 

-.0044 

C209 

0 

C236 

.00966 

i  ■■■  |  11 

A 

C102 
* .0660 

Cl  2  9 

2.48 

C156 

1000 

C183  .  • 
-.0204 

C210 

0 

C237 

-.0123 

S 

C-.°033437 

C130 

0 

C157 

-.0207 

C184 

1000 

C211 

0 

C2  38 

2.465 

Y 

Cl  04 

-  0 

C131 

0 

C158 

0 

C185 

o _ _ 

C212 

1-000 

C239 

0 

R 

IC105 
j  -.00875 

C132 

-.003 

C159 

0 

C186 

-.04835 

C213 

0 

C240 

1000  , 

N2 

C106 

0 

C-.30300009Q6 

C160 

-.000003 

14 

C187 

0 

C214 

0 

C241 

0 

P2 

Cl.°07000122 

cl340 

C161 

0 

C188 

0 

C215 

0 

C242 

0 

A2 

CVlft00535 

C135  Q 

C162 

0 

C189 

0 

C216 

0 

C2H 

C109 

0 

C136  o 

C163 

0 

C190 

0 

C217 

0 

C24l 

y2 

C110 

0 

C137 

0 

C164 

0 

C191 

0 

C218 

0 

C245 

0 

IT 

Cl,%000944 

C138 

0 

C165 

0 

•  ^ 

C192 

0 

C219 

0 

C246 

0 

N  *P 

C112 

0 

C139  „ 

0 

C166 

0 

*r 

!  Cl  9  3 

0 

C220 

0 

C247 

0 

N-A 

C113 

0 

C140 

0 

C167 

0 

'C194 

0 

C221 

0 

C248 

0 

N  •  S 

C114 

0 

C141 

0 

C168 

0 

C195 

. 

0  . 

C222 

0 

C249 

0 

N.Y 

C115 

0 

C142 

0 

C169 

0 

• 

• 

-- 

C196 

0 

C223 

0 

C250 

0 

N.R 

Cl  16 

0 

cl43o 

C170 

0 

; . 

C197 

0 

C224 

0 

c2!4, 

P:A 

C1.1D7000600 

C1440 

C171 

0 

-r 

C198 

0 

C225 

0 

C252 

0 

P*S 

C118  w 

0 

C145 

0 

C172 

0 

• 

Cl  9  9 

0 

C226 

0 

C253 

0 

P.Y 

C119 

0 

C1460 

C173 

0 

C200 

0 

C227 

0 

C254 

0 

P.R 

C120 

0 

C147 

0 

C174 

0 
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0 
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0 
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0 

A  •  S 
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0 
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0 
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0 
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0 

C229 

0 
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0 

A-Y 
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0 

C149 

0 

C176 

0 

C203 

0 

C230 

0 

C257 

0 

A.R 

C123 

0 

C150 

0 

C177 

0 
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0 
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0 

C258 

0 

S-Y 
j - 

C124 

0 

C151 

0 
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0  ' 
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0 

C232 

0 

C259 

0 

S  *  R 

C125 

0 

C152 

0 

C179 

0 

C206 

0 

C233 

0 

C260 

0 

Y.R 

C126 

0 

C153 

0 

C180 

0 

C207 

0 

C234 

0 

C261  , 

0 
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C.2  OPERATING  PROCEDURE  AND  SYSTEM  REQUIREMENTS 
C.2.1  Operating  Procedures 
C.2. 1.1  Testing 

The  procedures  for  a  typical  test  run  in  forward  flight  were 
as  follows: 

a)  Record  the  wind-off  zeros  at  90*  shaft  angle.  Record 
the  weight  tares  at  the  shaft  angles  specified  by  Data 
Engineering  and  record  a  wind  off  data  point.  Set 
the  desired  collective  pitch  and  cyclic  pitch.  Set 
rotor  speed  to  some  nominal  value  (200  to  400  rpm) . 

Start  the  tunnel  and  bring  both  the  rotor  speed  and 
tunnel  speed  to  the  desired  values  by  making  incremen¬ 
tal  changes  to  both  simultaneously^  making  sure  that 
conditions  are  not  encountered  which  result  in  large 
blade  loads.  When  stabilized  conditions  were  reached, 
incremental  changes  to  shaft  angle  were  made  recording 
data  at  each  shaft  angle  until  a  load  limit  was 
approached  or  until  the  desired  data  had  been  collected. 
Then  the  shaft  angle  was  returned  to  the  initial  point 
and  the  next  run  started.  When  shutting  the  system 
down,  the  shaft  angle  and  collective  pitch  were  set  for 
about  zero  thrust,  then  the  tunnel  speed  was  decreased 
followed  by  decreasing  the  rotor  speed  in  such  a  way 
that  a  slightly  positive  thrust  itas  maintained.  After 
shutdown,  a  wind-off  data  point  was  taken. .and  compared 
with  the  pre-run  point.  Similar  procedures  were 
followed  for  rotor  rpm,  advance  ratio,  collective  or 
cyclic  pitch  sweeps. 

b)  For  hover  testing  the  test  section  roof, floor  and  walls 
were  removed.  Hover  testing  procedures  involved  record¬ 
ing  wind-off  zeros  at  zero  shaft  angle,  weight  tares  as 
a  function  of  shaft  angle,  a  wind  off  data  point,  then 
setting  the  desired  collective  and  cyclic  pitch.  The 
rotor  was  then  started  and  data  recorded  at  incremental 
values  of  rotor  speed  until  a  load  limit  was  reached  or 
the  required  data  had  been  collected.  The  rotor  speed 
was  then  decreased  and  a  new  collective  pitch  set  and 
the  rotor  speed  sweep  repeated.  After  shutdown,  a  wind 
off  data  point  was  recorded  and  compared  with  pre-run 
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values.  This  sans  procedure  was  used  £or  conducting 
collective  or  eyelid  pitch  sweeps  at  constant  rotor 

speed.  '«• — rfhiiBHNf 

C.2.1.2  Aerodynamic  Hub  Tares  (See  Appendix  E) 

'  «  .*  1  H  ‘ 

Aerodynamic  hub  tares  were  determined  by  removing  the 
blades  and  recording  data  6Ver  the  shaft  angle  range  at  a 
nominal  g  and  rotor  speed.  This  data  was  divided  by  g,  and 
stored  for  use  in  correcting  the  data  from  blades  on  ^ite^ing. 
The  tunnel  walls  and  roof  were  removed  for  the  hub  tatme  runs. 

1 , ,  f  \  , 

C.2.1.3  Blade  Balancing  and  Tracking 

The  rotor  system  was  dynamically  balanced  by  monitoring  the 
unbalance  from  the  balance  pitching  moment  flexure  end 
compensating  for  the  unbalance  by  adding  weights  to  the  hub. 
The  blades  were  tracked  by  use  of  a  strobe  light  and  correc¬ 
tions  made  by  adjusting  the  length  of  individual  pitch  links 
at  a  nominal  rotor  speed  for  various  collective  pitch 
settings . 

C.2.1.4  Emergency  Shutdown  Procedures  (^'emergencies 
encountered) 

There  are  numerous  reasons  why  an  emergency  shutdown  could 
be  reguired.  The  more  obvious  ones  are  listed  below  along 
with  the  shutdown  procedures:  |  "  ■ ,  >  7  .  , ■  ” 

'  margin  1  i  ri  ■  i  •  •.*  r  i  ! 

a)  Structural  Failure  of  Critiicajl  ■  Mo^el /-Component 

IX  Activate  emergency  shutdown  of  tunnel  at  most  rapid 
deceleration  rate. 

2)  Activate  emergency  shutdown  of  model  at  most  rapid 
deceleration  rate. 

b)  Loss  of  Lubrication  of  Model 

1)  Activate  emergency  shutdown  of  tunnel  at  most  rapid 
deceleration  rate. 

2)  Tilt  rotor  shaft  forward  and  decrease  rotor  spaed 
to  maintain  near  zero  rotor  thrust. 
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c)  Loss  of  Power  to  Tunnel  ran 

1)  Tilt  rotor  shaft  f orward-end < decrease  rotor  spaad 
to  maintain  slightly  positive  rotor  thrust. 

d)  Loss  of  Power  to  Modal  Rotor 

1)  Activate  emergency  shutdown  of  tunnel  at  most  rapid 
deceleration  rate  and  tilt  rotor  shaft  forward*  : 


•  i  i  • 

e)  Loss  of  Power  to  Model  Rotor  and  Tunnel  Fan  •  /  / 

1)  Tilt  rotor  shaft  forward.  Hl  ' 

t 

C.  2 . 2  DRTS  Systems  Requirements 


The  following  items  give  the  test  stand  systems  requirements 
for  operation,  and  the  pre-run  checkout! 

a)  Pressure  gage  for  brake  at  1200  to  1600  psi. 

b)  Sump  pump  running. 

i 

c)  Upper  bearing  lube  pump  on  pressure  at  25  psi  at  pump. 

d)  Gearbox  pump  running,  flow  set  at  4-1/2  gals /min.  _ 

-•>  : i  : :  >.  "i  .nr  ■ 

e)  Observe  sight  tube  to  check  proper;  '<$.'1;:  \ 

f)  Check  coolant  water  is  running  with  main  valve  set  at 
60  psi. 

g)  Motor  operates  at  2  volts/cycle. 

h)  Hydraulic  pressure  for  swashplate  control  system  set  at 
1500  psi. 


f 


if.- 
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APPENDIX  E 

SPINNER  AND  HUB  TARES 


Six  component  forces  and  moments  were  taken  at  two  values 
of  tunnel  dynamic  pressure  and  two  values  of  hub  RPM. 

(20  PSP  at  1100  and  786  RPM; also  10  PSP  at  1100  and 
786  RPM) .  The  hub  tares  were  taken  with  the  test  section 
in  the  "open  throat"  configuration.  Spinner  and  hub  tares 
have  been  removed  from  the  plotted  data  using  the  data 
from  Run  No.  90;  i.e.,  dynamic  pressure  of  20  PSP  and 
1100  RPM.  The  tabulated  data  are  presented  both  with  and 
without  hub  tares  removed. 

The  blades  were  removed  and  the  blade  retention  Bocket 
taped  for  the  spinner  and  hub  tare  runs.  The  tares  were 
obtained  by  setting  the  hub  RPM  and  tunnel  dynamic  pressure 
then  taking  data  over  a  range  of  propeller  angles  from  0 
to  99  degrees.  Each  component  of  the  spinner  and  hub  tare 
data  were  divided  by  tunnel  dynamic  pressure.  This  data 
was  then  curve-fitted  as  a  function  of  shaft  angle  and 
applied  to  each  data  point,  with  blades  on,  as  a  function 
of  tunnel  dynamic  pressure  and  propeller  shaft  angles. 

The  spinner  and  hub  tare  data  are  presented  in  Figures  B.l 
through  E.5  in  two  ways.  First, to  show  the  results  of 
using  tunnel  dynamic  pressure  as  a  normalizing  factor  and 
second,  to  show  the  magnitude  of  the  tares  in  propeller 
coefficient  notation.  The  two  components  showing  the 
largest  spinner  and  hub  tares  (See  Figure  E.6)  in  propel¬ 
ler  coefficient  notation)  are  normal  force  and  side  force. 
It  is  postulated  that  the  side  force  tare  and  yawing 
moment  tares  are  produced  by  the  rotating  cylinder  effect 
on  the  spinner.  This  is  to  some  degree  justified  by 
Figure  E42  which  shows  that  side  force  can  be  normalized 
by  tunnel  dynamic  pressure  if  RPM  is  held  constant. 

The  variation  of  thrust  tare  with  shaft  angle  is  not 
understood;  however,  a  correlation  with  a  1/12  scale 
isolated  propeller  shows  a  similar  trend.  See  Figure  E.7. 
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